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Summary 
(1) A total of 45 sites was sampled, each being fished using 
the semi-quantitative and quantitative techniques. 
(2) A significant relationship existed between the 
semi-quantitative and Quantitative results for all age 
groups of salmonids (R2 83.4% to 96.1%, p < 0.0001). 
(3) The results from each site were categorised according to 
an existing classification system for quantitative and 
semi-quantitative data. The semi-quantitative component of 
this system was modified using the results of this 
investigation. The degree of error associated with sites 
classified semi-quantitatively was found to be slightly 
less when using the modified system for 0+ salmon, > 0+ 
salmon and 0+ trout, ranging from 10.5% to 30%. 
(4) Insufficient data points were available for the analysis 
of coarse fish data. 
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The Calibration of a Semi-quantitative Approach to Fish 
Stock Assessment in the North West Region of the NRA 
1. Introduction 
The aim of stock assessment is to provide the information by 
which informed decisions can be made regarding the 
conservation, management and utilization of the fish resource. 
However, the acquisition of quantitative data for such 
purposes can be a time consuming and labour intensive 
procedure particularly when contemplating a large number of 
sites. 
The removal method of population estimation is the approach 
most widely used by the NRA and involves 2 or more successive 
fishings of a closed section of water (Zippin, 1958; Seber and 
Le Cren, 1967; Carle and Strub, 1978). An alternative approach 
might be to employ a semi-quantitative sampling strategy with 
a single fishing carried out over a specified length of river 
without the use of stop nets. This would enable a larger 
number of sites to be sampled within given time restraints 
than that possible with quantitative methods. If required, 
those areas identified by the semi-quantitative method as 
being of particular concern can then be investigated 
quantitatively. 
For such results to be of value it is necessary to equate the 
findings from this less accurate method with those that would 
have been obtained from a quantitative survey at the same 
site. The aim of this study is to determine the relationship 
between the semi-quantitative and quantitative sampling 
technique to assess whether the semi-quantitative technique 
can be used as a reliable means of stock assessment. 
2. Methods 
10 different fishing teams were used to gather the data from a 
wide geographical area with varied environmental conditions. A 
total of 45 sites was selected from the North West region as a 
whole, 15 from North Cumbria, 14 from South Cumbria, 6 from 
Central "Area, and 10 from South Area. The sites sampled in the 
South Area were suitable for coarse fish and non-migratory 
salmonids whereas in the other areas the habitat selected was 
typical of juvenile salmonids. Although the length of each 
site was fairly constant at about 60m (with a range of 55m to 
90m), a variety of stream widths were encountered from a mean 
of 1.78m to 23.06m. 
All sites were sampled by successive removal of fish between 
stop nets using electrofishing apparatus during the period 
July to October 1992. Fishing was carried out in an upstream 
direction using a single anode. At each site a section of 
river approximately 60m long was delimited by stop nets. For 
the purpose of the first fishing a 5m buffer zone was 
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designated at the ends of the fishing zone leaving a central 
50m section to be fished. This section was taken to represent 
what would normally be sampled in a single fishing without 
stop nets and the results from this were expressed as numbers 
of fish per 100m2. The second and third (or more) fishings 
were carried out over the full 60m, stop net to stop net, 
including the buffer zones and the data from these runs were 
used to calculate a population estimate. The number of fish 
caught in the first run were added to this value to give the 
population estimate for the site (n/100m2). Quantitative 
estimates of fish populations were calculated for all age 
groups by the Carle and Strub (1978) method. 
The fish caught in each run were anaesthetised and measured 
(fork length) to the nearest 0.5 cm below. By examining the 
length frequency distribution it was possible to separate the 
fish into 0+, 1+ and >1+ age classes for all species. 
If the overall probability of capture was greater than or 
equal to 0.3 and was constant between fishings (as indicated 
by chi squared analysis) then the population estimate was 
considered to be valid. This filtering resulted in the removal 
of 2 out of 20 sites for 0+ salmon, 3 out of 23 sites for 1+ 
salmon, 1 out of 39 sites for 0+ trout and 1 out of 40 sites 
for >0+ trout. The relationship between the total population 
estimate (quantitative) and the density of fish recorded in 
the first catch (semi-quantitative) was examined by regression 
analysis using the statistical package Minitab. 
With respect to the trout data the analysis was initially 
carried out for 0+ and >0+ fish, but to explore the data fully 
the analysis was extended to include 0+, 1+ and >1+ trout. 
The quantitative results were classified according to a system 
modified for rivers within the North West (Table 1). Each site 
was placed in an appropriate abundance category (class A to 
E). 
3. Results 
The semi-quantitative and quantitative results for each 
species and age group are shown in Appendices 1 and 2. There 
was insufficient data available to evaluate the semi-
quantitative sampling technique for coarse fish species. 
Table 2 and Figs. 1 to 6 show the.results of the regression 
analysis for salmonids using the untransformed data. A 
significant relationship was found to exist between the semi-
quantitative and quantitative results for all species and age 
groups (R2 varied from 83.4% to 96.1%, p < 0.0001). There was • 
in most cases a slight improvement in the R value when using 
loge transformed data. To test for homoscedasticity the 
standardised residuals were plotted against the independent 
variable (quantitative estimate) and it was found that the 
residuals were randomly distributed above and below zero, thus 
complying with the requirement for a valid model (Zar, 1984). 
Table 1 Abundance categories (n/100m2) for juvenile salmon and trout for rivers of the North 
West region of the NRA. 
Quantitative (Q) 
Fry (0+) Parr (>0+) 
Class A >100.00 >20.00 
Class B 50.01-100.00 10.01-20.00 
Class C 25.01- 50.00 5.01-10.00 
Class D 0.01- 25.00 0.01- 5.00 
Class E 0.00 0.00 
Semi-quantitative (SQ1) 
Fry (0+) Parr (>0+) 
Class A >50.00 >15.00 
Class B 22.51-50.00 7.51-15.00 
Class C 10.01-22.50 2.51- 7.50 
Class D 0.01-10.00 0.01- 2.50 
Class E 0.00 0.00 
Table 2 The relationship between the semi-quantitative (SQ) and quantitative (Q) results 
for salmonids using the arithmetic data and transformed data (Loge n+1) 
Age And Spec 
0+ Salmon 
>0+ Salmon 
0+ Trout 
>0+ Trout 
1+ Trout 
>1+ Trout 
ies 
0+ 
1+ 
0+ 
Arithmetic 
SQ = 0.463 (+/-0-043) * Q 
(R2 = 96.1%, p < 0.0001) 
SQ = 0.424 (+/-0.057) * Q 
(R2 = 85.1%, p < 0.0001) 
SQ = 0.515 (+/-0.036) * Q 
(R2 = 93.6%, p < 0.0001) 
>0+ SQ = 0.539 (+/-0.055) * Q 
1+ 
(R2 = 83.4%, p < 0.0001) 
SQ = 0.537 (+/-0.051) * Q 
(R2 = 86.9%, p < 0.0001) 
>1+ SQ = 0.798 (+/-0.097) * Q 
(R2 = 84.1%, p < 0.0001) 
Transformed 
Log 
(R2 
Log 
(R2 
Log 
(R2 
Log 
(R2 
Log 
(R2 
Log 
(R2 
0+ SQ = 0.710 (+/-0.078) 
= 89.0%, p < 0.0001) 
1+ SQ = 0.661 (+/-0.059) 
= 90.0%, p < 0.0001) 
0+ SQ = 0.800 (+/-0.037) 
= 95.-2%, p < 0.0001) 
>0+ SQ = 0.775 (+/-0.088) 
= 86.3%, p < 0.0001) 
1+ SQ = 0.778 (+/-0.051) 
= 87.0%, p < 0.0001) 
>1+ SQ = 0.839 (+/-0.083) 
= 85.3%, p < 0.0001) 
* Log Q 
* Log Q 
* Log Q 
* Log Q 
* Log Q 
* Log Q 
Constant = p > 0.05 
Fig. 1 The Arithmetic Relationship Between The 
Semi-quantitative And Quantitative Results 
0+ Salmon 
Semi-quantitative = 0.463 (Quantitative) 
R(sq) = 96.1% 
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 
Quantitative Results (n/100m2) 
YELLOW == 95% CL FOR REGRESSION LINE, BLACK = 95% CL FOR DATA 
Fig. 2 The Arithmetic Relationship Between The 
Semi-quantitative And Quantitative Results 
>0+ Salmon 
Semi-quantitative = 0.424 (Quantitative) 
R(sq) = 85.1% 
0 3 6 9 
Quantitative Results (n/100m2) 
12 
YELLOW = 95% CL FOR REGRESSION LINE. BLACK - 95% CL FOR DATA 
Fig. 3 The Arithmetic Relationship Between The 
Semi-quantitative And Quantitative Results 
0+ Trout 
Semi-quantitative = 0.515 (Quantitative) 
R(sq) = 93.6% 
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 115 
Quantitat ive Results (n/100m2) 
YELLOW = 95% CL FOR REGRESSION LNE, BLACK = 95% CL FOR DATA 
Fig. 4 The Arithmetic Relationship Between The 
Semi-quantitative And Quantitative Results 
>0+ Trout 
Semi-quantitative = 0.539 (Quantitative) 
R(sq) = 83.4% 
0 10 20 30 40 
Quantitative Results (n/100m2) 
YELLOW == 95% CL FOR REGRESSION LIME, BLACK = 95% CL FOR DATA 
Fig. 5 The Arithmetic Relationship Between The 
Semi-quantitative And Quantitative Results 
1+ Trout 
Semi-quantitative = 0.537 (Quantitative) 
R(sq) - 86.9% 
0 5 10 15 20 25 30 35 
Quantitative Results (n/100m2) 
YELLOW = 95% a FOR REGRESSION LNE, BLACK = 95% CL FOR DATA 
Fig. 6 The Arithmetic Relationship Between The 
Semi-quantitative And Quantitative Results 
>1+ Trout 
Semi-quantitative = 0.798 (Quantitative) 
R(sq) = 84.1% 
o 2 3 4 5 Quantitative Results (n/100m2) 
YELLOW = 95% CL FOR REGRESSION LINE. BLACK = 95% CL FOR DATA 
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Using the regression equation derived for each species and age 
class together with the boundary values of the quantitative 
abundance classes on the A to E system, the appropriate values 
for the category boundaries of the semi-quantitative 
classification system (SQ) were obtained (Table 3). The 
results of the semi-quantitative surveys were then classified 
according to this system and are shown in Table 4 together 
with the quantitative classification (Q) of the sites. For 
comparative purposes the site densities were also classified 
according to the historical system for semi-quantitative (SQi) 
sampling (Table 1). 
Table 4 shows that the percentage error in site categorisation 
varied between 10.5% to 30% in relation to the quantitative 
classification of the same sites. In the case of 0+ salmon, 
>0+ salmon and 0+ trout the error term was slightly lower when 
the new abundance categories were used compared to the 
historic ones. However, the opposite was true of >0+ trout. In 
all cases the difference in classification was no more than 1 
category. 
In terms of the cumulative frequency distribution of 
classified sites there was no significant difference between 
the quantitative and the two semi-quantitative systems for all 
age classes of salmon and trout (p > 0.05, Kolmogorov-Smirnov 
test). 
4. Discussion 
A statistically significant arithmetic relationship was found 
to exist between the semi-quantitative results and the 
quantitative population estimates (p < 0.0001, R varied from 
83.4% to 96.1%). The R values compare favourably with those 
obtained by Strange et al. (1989) for the same species and age 
groups (51.5% to 89.2%). In both cases the lowest R value was 
obtained for >0+ trout. This relationship includes the 
variation resulting from the use of different teams to collect 
the data. 
The degree of error associated with the semi-quantitative 
classification system ranged from 10.5% to 30.0%. This 
compares with 9.7% to 34.6% obtained by Strange et al. (1989). 
The error term in both cases was less for 0+ fish compared to 
>0+ fish. In the case of 0+ salmon, 1+ salmon and 0+ trout 
there were 1, 3, and 1 category differences respectively 
between class D and E which were based on the presence of 1 
fish in the quantitative run. In these five instances, if this 
single fish was present in one of the buffer zones than it 
would not have beeen caught in the semi-quantitative fishing 
resulting in a class E categorisation instead of class D as 
would be indicated by the quantitative method. 
On the basis of this study it appears that the semi-
quantitative sampling technique can be used as an effective 
means of routine stock assessment for juvenile salmonids. By 
allowing a greater number of sites to be sampled in a given 
Table 3 Abundance categories (n/100m2) for juvenile salmon and trout for rivers of the North 
West region of the NRA. The semi-quantitative abundance categories are based on the 
results of the calibration survey. 
Quantitative (Q) 
Fry (0+) Parr (>0+) 
Class A >100.00 >20.00 
Class B 50.01-100.00 10.01-20.00 
Class C 25.01- 50.00 5.01-10.00 
Class D 0.01- 25.00 0.01- 5.00 
Class E 0.00 0.00 
Semi-quantitative (SQ) 
Salmon Trout 
Fry (0+) Parr (>0+) Fry (0+) Parr (>0+) 
Class A >46.3 >8.48 >51.5 > 10.78 
Class B 23.160-46.30 4.240-8.47 25.760-51.4 5.390-10.77 
Class C 11.580-23.15 2.120-4.23 12.880-25.75 2.700- 5.38 
Class D 0.005-11.57 0.004-2.11 0.005-12.87 0.005- 2.69 
Class E 0.00 0.00 0.00 0.00 
Table 4 Classification of the quantitative (Q) and semi-
quantitative (SQ) results. For comparative purposes 
the semi-quantitative results were also classified 
using the earlier system developed on the same 
principles (SQi). 
Class Q SQ SQi Intra-site error in 
classification 
0+ Salmon A 1 1 1 SQ 22.2% (4 in 18 sites) 
B 1 0 0 SQ! 27.8% (5 in 18 sites) 
C 1 1 2 
D 15 14 13 
E 0 2 2 
>0+ Salmon A 0 0 0 SQ 30.0% (6 in 20 sites) 
B 1 0 0 SQi 35.0% (7 in 20 sites) 
C 5 5 4 
D 14 11 12 
E 0 4 4 
0+ Trout A 2 2 2 SQ 10.5% (4 in 38 sites) 
B 3 3 4 SQ! 15.8% (6 in 38 sites) 
C 6 4 6 
D 27 27 24 
E 0 2 2 
>0+ Trout A 4 2 2 SQ 28.2% (11 in 39 sites) 
B 2 7 4. SQi 20.5% ( 8 in 39 sites) 
C 12 12 17 
D 21 18 16 
E 0 0 0 
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time compared to the quantitative approach, it facilitates a 
rapid appraisal of the status of a catchment. The information 
produced may then identify areas which require more detailed 
study. 
5. Conclusion 
This study shows that the results of the semi-quantitative 
sampling strategy are directly related to that of the 
quantitative sampling method. In general terms, half of the 
total population estimate for 0+ and >0+ salmon and trout was 
accounted for by the semi-quantitative method. On the whole, 
the revised semi-quantitative abundance categories for site 
classification gave rise to a slightly closer agreement with 
the quantitative results than by using the historic system. 
6. Recommendations 
(1) Further work is required to incorporate a greater number 
of coarse fish sites so that the relationship between the 
semi-quantitative and quantitative methods can be 
established. 
(2) The study should also ensure that more data points are 
available for 0+ and >0+ salmon in particular as well as 
for trout. 
(3) The possible effect of stream width on the results should 
be investigated. 
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Appendix 1 The results (n/100m2) of the semi-quantitative (S) and quantitative (Q) 
methodologies for salmonids 
0+ Salmon >0+ Salmon 0+ Trout >0+ Trout 1+ Trout >1+ Trout 
North Cumbria 
1. Mite, S 0.00 0.00 5.53 10.14 9.68 0.46 
Bakerstead Q 0.00 0.00 10.22 12.33 11.63 0.71 
2. Mite, S 3.39 1.13 6.79 0.94 0.94 0.00 
Porterthwaite Q 5.19 2.83 17.44 3.30 3.30 0.00 
3. Mite, S 0.00 0.00 1.55 3.73 3.42 0.31 
Bobbin Mill Q 0.00 0.00 6.65 4.35 3.83 0.51 
4. Mite, S 6.43 0.00 9.81 5.75 5.42 0.34 
Eskdale Green Q 12.57 0.29 19.58 6.72 6.43 0.29 
5. Mite, S 0.42 0.00 16.18 3.74 3.74 0.00 
Sandbank Br. Q 6.31 0.00 31.56 5.57 5.57 0.00 
6. Trout Beck, S 0.00 0.49 0.00 1.97 1.48 0.49 
Trout B. Hotel Q 0.00 0.42 0.00 .2.95 2.53 0.42 
7. Watendlath, S 0.00 0.00 0.31 16.43 12.39 4.03 
Tarn Q 0.00 0.00 0.53 25.84 19.25 6.07 
8. Ellen, S - - 4.51 3.30 0.90 2.40 
Blennerhasset Q * * 11.68 4.23 2.21 2.21 
9. Ellen, S 9.31 3.79 24.48 4.83 4.48 0.35 
Bolton Gate Q 19.21 6.78 45.48 8.76 7.06 1.41 
10. Ellen, S 16.03 2.05 15.69 1.02 1.02 0.00 
Vidal Q 56.28 5.45 35.09 2.18 2.18 0.00 
11. Augill B. S 0.00 0.00 4.55 1.82 1.82 0.00 
0 0.00 0.00 3.56 2.14 1.43 0.71 
12. Argill B. S 66.87 2.42 10.59 0.30 0.30 0.00 
Field Head Fm. Q 132.14 5.22 15.39 0.49 0.49 0.00 
13. Argill, S 0.00 0.00 1.51 4.89 4.14 0.75 
ArgiU House Q 0.00 0.00 1.85 8.02 6.79 1.24 
14. Belah, S 4.79 3.14 2.77 1.29 • 0.00 1.29 
Fieldhead Q 17.42 10.15 4.24 1.82 0.00 1.82 
15. Belah, S - 4.02 0.24 0.00 0.00 0.00 
A685 Q * 6.33 0.77 0.00 0.00 0.00 
South Cumbria 
16. Leven, S 9.99 0.72 2.29 2.05 1.32 0.72 
Backbarrow Q 25.75 1.45 2.18 2.39 1.45 0.93 
17. Leven, S 0.00 0.00 9.50 4.98 3.62 1.35 
Easedale B. Q 0.00 0.00 23.91 21.01 14.86 3.62 
Appendix 1 (Cont.) 
0+ Salmon >0+ Salmon 0+ Trout >0+ Trout 1+ Trout >1 + Trout 
South Cumbria 
18. Leven, 
Miller B. 
19. Leven, 
Tongue G. 
20. Leven, 
Low Wood 
21. Leven, 
Rydal B. 
22. Leven, 
Stock G. 
23. Rothay, 
White Moss 
24. Rothay, 
Gyll Foot 
25. Rothay, 
Rydal Br. 
26. Rothay, 
Grasmere V. 
27. Trout Beck, 
Trout B. 
28. Trout Beck, 
Trout B. Br. 
29. Trout Beck, 
Ings Br. 
Central Area 
30. Wyre, 
Cambrook 
31. Wyre, 
Damas Gill 
32. Wyre, 
Black Clough 
33. Ribble, 
Black Mill 
34. Ribble, 
Rowe Fm. 
S 
Q 
S 
Q 
S 
Q 
S 
Q 
S 
Q 
S 
Q 
S 
Q 
S 
Q 
S 
Q 
S 
Q 
S 
Q 
S 
Q 
S 
Q 
S 
Q 
S 
Q 
S 
Q 
S 
Q 
0.00 
0.00 
0.00 
0.30 
6.76 
20.54 
10.47 
23.87 
0.00 
0.00 
0.00 
1.25 
0.53 
0.43 
3.68 
8.04 
2.80 
5.66 
0.91 
5.49 
0.00 
0.00 
0.00 
0.00 
3.37 
8.09 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.75 
0.59 
0.71 
1.81 
0.00 
0.07 
1.57 
4.30 
0.00 
0.00 
-
* * 
1.07 
0.87 
3.68 
9.34 
0.00 
0.19 
-
* * 
0.00 
0.00 
0..58 
1.19 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.64 
1.13 
0.79 
1.35 
10.53 
14.72 
10.36 
25.02 
0.26 
0.29 
29.80 
52.82 
28.05 
72.48 
0.00 
1.13 
0.00 
0.43 
11.03 
22.02 
9.60 
26.39 
-
* 
29.05 
81.55 
55.67 
106.32 
19.66 
30.55 
72.32 
112.36 
3.25 
4.33 
0.95 
1.83 
0.32 
0.27 
3.76 
7.66 
1.79 
3.01 
0.08 
0.51 
2.62 
4.30 
6.34 
15.15 
0.00 
0.00 
8.56 
9.98 
3.15 
4.91 
2.58 
5.09 
10.66 
25.54 
2.74 
6.46 
19.24 
35.20 
5.62 
5.84 
6.78 
8.43 
4.07 
5.05 
0.48 
0.42 
0.79 
1.22 
2.36 
7.07 
1.79 
3.01 
0.08 
0.22 
2.62 
3.91 
4.07 
11.88 
0.00 
0.00 
2.14 
3.91 
2.28 
3.13 
2.58 
4.90 
10.66 
24.03 
2.74 
6.46 
18.08 
33.53 
5.62 
5.84 
6.78 
8.43 
4.07 
5.05 . 
0.32 
0.28 
0.64 
0.81 
0.75 
0.59 
0.00 
0.00 
0.00 
0.29 
0.00 
4.30 
2.26 
3.28 
0.00 
0.00 
6.42 
6.08 
0.88 
1.79 
0.00 
0.19 
-
* * 
0.00 
0.00 
1.17 
1.19 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.16 
0.14 
0.16 
0.41 
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Central Area 
35. Ribble, 
Settle 
South Area 
36. Dane, 
Danebridge 
37. Dane, 
Colley Mill 
38. Smoker Brook, 
Holme Fm. 
39. Dean, 
Adlington H. 
40. Dean, 
Whitley Green 
41. Dean, 
Brookhouse Fm. 
42. Egely Brook, 
Road Br. 
S 
Q 
S 
Q 
S 
Q 
S 
Q 
S 
Q 
S 
Q 
S 
Q 
S 
Q 
0.33 
0.65 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.39 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.24 
0.76 
0.32 
1.17 
0.00 
0.00 
0.41 
0.36 
0.59 
3.06 
0.31 
0.26 
0.38 
1.59 
0.65 
0.78 
-
* * 
5.36 
5.13 
3.56 
3.69 
2.48 
4.27 
1.76 
4.08 
0.31 
0.52 
2.26 
1.91 
0.00 
0.13 
4.56 
6.67 
0.63 
0.47 
0.27 
0.23 
0.41 
0.36 
0.00 
1.79 
0.31 
0.52 
0.00 
0.00 
0.65 
0.65 
-
* * 
4.73 
4.67 
3.29 
3.47 
2.07 
3.91 
1.76 
2.29 
0.00 
0.00 
2.26 
1.91 
Data not complying with assumptions of method used to estimate population 
* Probability of capture p < 0.3 
* * p > 0.05 chi squared analysis 
Appendix 2 The results (n/100m2) of the semi-quantitative (S) and quantitative (Q) 
